ABSTRACT
INTRODUCTION
Zoological gardens and animal parks display wild animals for recreational and educational purposes but also play an important role in the conservation of species, further diminishes their resistance to parasitic infections.
One should also consider the impact of environmental changes on the zoonotic disease risk, which is mostly the subject of speculation and lacks a coherent framework for understanding environmental drivers of pathogen transmission from animal hosts to humans [3] .
Endoparasites have the potential to cause a significant health problem in humans and other animals. Particularly endoparasites with a zoonotic nature are of great interest to health authorities and scientists [3, 6] .
In the study by K h a t u n et al. [10] , 60 % of the animals (72.7 % of carnivores) at Rangpur Recreational Garden and Zoo in Bangladesh were found positive for gastrointestinal parasites. Other authors reported similar [18] , higher [5, 17] or lower [14] prevalence, but the prevalence always ranged between 40.4 and 76.6 %. In all animals, except primates, the prevalence of helminth infections was higher than the prevalence of protozoan infections, similar to other studies [18] .
In this study, faecal samples of carnivores from a zoo and a wolves park in Germany were investigated for intestinal parasites in order to obtain information on the prevalence of endoparasites in captive-held carnivores in these facilities. Such an assessment should involve the consequences the parasite has on the host itself, its transmission abilities and its role in public health [13] . As environmental factors play an important role in the occurrence of parasites [20] , the cleaning and feeding regime of the animals should also be mentioned.
In the zoo, various species of carnivores were kept: Another difference is that the zoo animals receive anti-parasitic treatment every spring and autumn while the wolves are treated with anti-parasitic as puppies and as adults, they will only receive such treatment when specific symptoms indicate a higher infestation with parasites, causing health problems to the animals.
The aim of the study was to get an impression of the current endoparasitic situation in relevant and often-overlooked animals, as those can potentially reflect a zoonotic risk. As a result, a more precise anti-parasitic treatment can be instituted, helping to protect the environment, the animals and counteract resistance development against antiparasitic products, hence improving the management of the endoparasites.
MATERIALS AND METHODS
In this study, 36 pooled faecal samples of carnivores from the Neunkircher Zoo and the Wolfspark Werner Freund in Merzig in Germany were investigated for intestinal parasites.
The feeding and cleaning regimens
The yellow-throated marten was fed a diet composed of small mammals, birds, insects, nuts and fruits, once a day.
The enclosure was cleaned every 2-3 days. The slendertailed meerkats received three times a day mainly an insectivorous diet with an addition of small mammals and some plant material. Their enclosure was cleaned once a day. The raccoons were fed once a day, mainly an insectivorous and plant based diet with fruits and nuts. Occasionally, also fish and eggs might be included in their diet plan. As with the martens, the enclosure was cleaned every 2-3 days. The snow leopards were fed once a day as other solitary mammals and birds. They were not fed one day a week. The enclosure was cleaned once a week. The pack of Asiatic wild dogs were fed mainly mammals. Additionally, they also receive some insects and fruits. As with snow leopards, they were fed once a day, while they did not receive any food for one day a week. Their enclosure was cleaned every 1-2 weeks. The bush dogs were fed mammals, particular rodents and birds. As with the previous 2 animals, they did not receive any food one day a week and their enclosure was cleaned every week once.
The wolves were kept as close to their natural condi-tions so they were not fed every day. The time span between their meals depended on the size of the previous meal. They received animals from hunters and forest rangers (mainly deer), farmers (cattle, sheep, goats) and some local privately owned animals such as horses. Pigs were not fed.
Collection and processing of samples
The For the flotation concentration method with zinc sulphate solution we mixed 5-10 grams of a composite faecal sample with 20-30 ml of water to make a semi-solid suspension. The suspension was filtered through a plastic sieve into a beaker and the filtrate was transferred to two tubes which were centrifuged for 2 min at 2500 rpm. Subsequently, the supernatant was poured off from both tubes.
To the remaining pellet on the bottom of one tube we add- For detection of cysts of Giardia duodenalis the drops were covered with a cover slip and also observed under a light microscope.
RESULTS
Out of a total of 36 samples, 19 were positive for endoparasites (52.78 %). The results are summarized in Table 1 .
Thirteen out of 19 positive samples were of protozoan origin (68.42 %).
Out of 6 samples from the yellow-throated martens, 1 was positive for Ancylostoma spp. (Fig. 1) . All 6 samples from the slender-tailed meerkats, were positive for Cystoisospora spp. From the 6 samples obtained from raccoons, 3 were positive for Cystoisospora spp. (Fig. 2) . The 5 samples from the snow leopard, included 3 positive samples for Toxocara cati (Fig. 3) and 1 for Ancylostoma spp. 
DISCUSSION
A total of 52.78 % of the samples were positive for one or more endoparasitic species, from which 68.42 % belonged to protozoa. In the study by K h a t u n et al.
[10] 72.7 % of the carnivores were found positive for gastrointestinal parasites. Higher (97.3 % and 89.3 %) and lower (50 %) infection rates were found by other authors [14, 15] ).
It is interesting to notice that all samples from the meerkats were positive for Isospora spp. This can be explained by the fact that in general higher occurrences of this parasite appear in younger animals [8, 11] , which correlates with the constitution of the clan, as more than half were only 14 months old at the time of the collection of the samples.
With regard to the zoonotic risk, particularly Ancylostoma spp., Toxocara spp. and Sarcocystis spp. should be noticed. Ancylostoma spp. is commonly known as a hookworm. Pathogenesis arises from mature adults, grasping We detected a low occurrence of parasites in the wolves park compared to the zoo. As the number of samples was low, such a trend might be simply due to the chance of parasites shedding irregularly or only in small numbers at the time, and thus they might not have been detected [1] .
Yet, it could also be explained by the less confined envi- For future study, it would be interesting to investigate the parasitic burden of the zoo animals before and after the treatment in order to investigate the current resistance status of the parasites on the property.
CONCLUSIONS
Despite the low number of samples, the data can be used to compare the changes in endoparasite burden with regard to species and annual occurrence. This can be expected due to climate change and agricultural influences.
Hence, regular epizootiological investigations of captive wild animals will help to increase our insight of not only the prevalence of such parasites but also its transmissibility between wild as well as domesticated animals and humans. 
